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The  reactions  of  aryl  lithium  reagents  containing  electron  donating 
substltutents  in  the  para  position  with  hexaf luorocyclotrlphosphazene ,  P^N-jF^  * 
have  been  examined.  These  reactions  yield  the  appropriate  monoaryl  pentafluoro' 
cydotriphosphazenes ,  P^FjCgH^X  (X  -  F,  Cl,  QCSLy  CH3)  in  moderate  yields. 

The  monoaryl  phosphazenes  are  converted  to  the  geminally  substituted  mixed 
aryl/phenyl  derivatives,  2,2-P3N3  ^(CgHjKgH^X  (X  -  F,  Cl,  OCHj,  CHj) ,  by 
the  Friedel-Crafts  reaction  The  infrared  and  nmr  spectroscopic  data  along 
with  the  mess  spectrometry  data  are  discussed  in  terms  of  perturbations  of 
the  aryl  system  by  both  the  phosphazene  and  electron  donor  substituents. 


Introduction 

'VWVWWWW 

1-4 

The  reactions  of  aryl  lithium  reagents  with  cyclic  and  polymeric 

phosphazenes^  have  proved  to  be  of  value  for  the  preparation  of  aryl- 

phosphazenes.  To  date  phenyl^ ’ ^  tolyl^ p-dlmethylamlnophenyll  fluorophenyl^ 
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and  perfluorophenyl  derivatives  have  been  synthesized.  In  addition  to  aryl 
species,  a  wide  variety  of  other  organolithium  reagents  have  been  shown  to 
undergo  reactions  with  cyclophosphazenes.**-*1  This  investigation  involves 
the  extension  of  this  synthetic  technique  to  the  preparation  of  aryl  phosphazenes 
with  a  variety  of  electron  donating  functional  groups  in  the  para  position  of 
the  aryl  ring.  Interest  in  this  type  of  compound  is  related  to  two  topics  of 
continuing  interest  in  our  studies  of  organophosphazenes.  We  have  previously 
shown  that  the  p-dimethylamlnophenyl  group  functions  as  an  effective  electron 
donor  to  the  strongly  electron  accepting  fluorophosphazene  moelty.  Consequently 
it  was  of  Interest  to  prepare  aryl  phosphazenes  with  a  range  of  electron  donating 
groups  on  the  aryl  ring  in  order  to  probe  the  manifestations  of  these  electronic 
effects  on  basic  spectroscopic  properties.  We  also  have  been  developing 
organo functional  phosphazenes  in  order  to  provide  starting  materials  for  the 
preparation  of  new  organophosphazenes  v^a  synthetic  transformations  of  the 
exocydlc  group*®’**’ Organo  functional  arylphosphazenes  would  provide  another 
possible  source  to  new  organophosphazenes. 

( 

Experimental 
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Materials  and  Measurements  Hexachlorocyclotrlphosnhazene  (Ethyl  Corp.)  was 
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converted  to  hexafluorocydophosphazene  (P^N^Fg)  which  in  turn  was  converted 

2 

to  paratolylpentafluorocydotrlphosphazene  by  previously  reported  procedures. 
Benzene*^  and  dlethylether  were  distilled  over  sodium.  Trlethylamine  was 
distilled  from  potassium  hydroxide.  The  following  reagents  were  used  without 


further  purification:  n-butyl  lithium  (Alfa),  l-bromo-4-chlorobenzene  (Adrich) , 
1-b rorno-4- f luo robenzene  and  4-bromo-anisole  (Eastman  Kodak) .  Mmr  Spectra  were 
obtained  on  a  JEOL  C-60HL  spectrophotometer  as  fifteen  percent  cyclohexane 
solutions.  Further  dilutions  did  not  produce  any  change  in  chemical  shifts^ 
Second  order  spectra  simulated  with  the  LACOON  III  Program.  Infrared  spectra 
were  obtained  on  thin  films  or  nujol  mulls  using  a  Beckman  IR-20A  spectro¬ 
photometer  with  sodium  chloride  disks  and  were  calibrated  with  polystyrene 
bands.  Mass  spectra  were  obtained  on  a  Perkln-Elmer  RMU-6D  spectrophotometer 
at  80eV.  In  certain  cases  ionizing  volt  ages  were  varied  from  80  to  15  eV 
with  the  lower  limit  taken  as  approaching  the  appearance  potential.  Calibration 
was  accomplished  using  perfluorokerosene.  Elemental  analyses  were  performed 
by  the  Robertson  Laboratories. 

Preparation  of  Mono  (p-f luorophenyl) pentaf luorocyclotrlphosphazene .  The 

procedure  discussed  here  is  a  modification  of  those  reported  for  the  preparation 
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of  phenyl  and  p-f luorophenyl  fluorocyclotrlphosphazenes.  A  three-necked  round- 

bottomed  flask  changed  with  200  ml  of  diethyl  ether,  a  stirring  bar  and  6.88  ml 

(0.06  mole)  of  p-FCgH^Br  was  fitted  with  a  nitrogen  inlet,  a  pressure-equalizing 

dropping  funnel  and  a  reflux  condenser  attached  to  a  mercury  bubbler.  The  flask 

was  cooled  to  -78°  and  flushed  with  nitrogen  for  10  min.  A  solution  of  n-butyl 

lithium  in  hexane  (25  ml,  0.06  mole)  was  admitted  to  the  dropping  funnel 

through  a  septum  cup  with  a  syringe.  The  butyl  lithium  solution  was  added  to 

the  p-FCgH^Br  solution  dropwlse  over  a  period  of  30  min  with  constant  stirring. 

The  solution  was  allowed  to  come  to  room  temperature  and  stirring  was  continued 

for  45  minutes.  A  second  three-necked  flask  was  charged  with  a  solution  of 

15.0  g  (0.06  mole)  of  P^N^Fg  in  70  ml  of  diethyl  ether  and  fitted  with  a 

nitrogen  inlet  and  a  reflux  condenser  attached  to  a  mercury  bubbler.  An  angled 

tube  with  24/40  outer  Joints  at  each  end  was  fitted  to  a  pressure-equalizing 


dropping  funnel  at  one  end  while  the  other  end  replaced  the  reflux  condenser 


on  the  flask  containing  the  p-FC^H^Li  solution,  thus  allowing  transfer  of  the 
organometallic  reagent.  The  dropping  funnel  was  fitted  to  the  flask  containing 
the  phosphazene  solution.  The  assembled  system  was  flushed  with  nitrogen  at 
-78°  and  then  the  p-FCgH^Ll  solution  was  added  at  0°  over  a  period  of  90  min. 

The  mixture  was  allowed  to  stir  for  an  additional  2  hours  at  room  temperature. 

After  the  solvent  was  removed,  100  ml  of  medium  boiling  petroleum  ether  was 
added  and  the  solution  was  stored  overnight  at  10°.  Repeated  flltratlons 
through  filter  aid  were  required  to  remove  all  of  the  lithium  halides.  The 
clear  solution  was  treated  with  activated  carbon.  After  removal  of  the  carbon 
and  solvent,  the  oily  residue  was  distilled  through  a  vlgreaux  column  at  0.6  mm, 
and  the  fractions  boiling  at  66-68°  were  collected;  yield  6.2g  (322  of  theory1^) 
of  a  water  white  liquid.  Anal.  Calcd  for  P^FjCgH^F:  C,  22.17;  H,  1.24; 
mol  wt,  325.  Found:  C,  22.26;  H,  1.32;  mol  wt,  325  (mass  spectrum). 

Using  procedures  ldentide  to  those  described  above,  para  substituted 
monoaryl  pentafluorocydophosphazenes  with  the  formulae  P^N^F^C^H^X  (X  ■  Cl, 

OCH^)  were  prepared.  These  compounds  were  identified  by  lr  and  nmr  spectroscopy 
and  mass  spectrometry. 

Preparation  of  Geminal  (p-methoxyphenyl) (phenyl)  tetrafluorocyclotrlphos- 
phazene .  In  a  typical  reaction,  20  ml  of  benzene1,5  was  distilled  into  a  50  ml, 
three-necked,  round-bottomed  flask  containing  1.04  ml  (0.007  mole)  of 
trlethylamlne  and  a  stirring  bar.  The  flask  was  charged  with  6.0  g  (0.023  mole) 
of  aluminum  chloride  and  fitted  with  a  reflux  condenser  attached  to  a  mercury 
bubbler  and  a  pressure-equalizing  funnel  containing  1.9  g  (0.005  mole)  of 
P^N^F^CgH^OCH^  in  5  ml  of  freshly  distilled  benzene.  The  flask  was  heated 
to  reflux  with  constant  stirring.  After  30  minutes,  the  P^N^F^CgH^OCH^  solution 
was  added  dropwlse.  The  reaction  was  allowed  to  continue  for  24  hours.  After 
allowing  the  reaction  mixture  to  cool,  it  was  poured  into  a  150  ml  beaker 
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which  was  one-third  filled  with  cracked  ice  and  contained  0.5  ml  of 
concentrated  hydrochloric  add.  The  layers  were  separated  and  the  water 
layer  was  extracted  with  benzene*3  The  benzene  layers  were  combined, 
extracted  with  water,  aquous  sodium  bicarbonate  and  water.  The  benzene  layer 
was  then  dried  over  magnesium  sulfate  and  treated  with  activated  carbon. 

The  solids  and  solvent  were  successively  removed  and  the  resulting  oil  was 
heated  in  a  sublimation  apparatus  at  150°  and  0.5  mm.  A  white  crystalline 
solid,  1.1  g  (53%  of  theory),  mp  102-103°  was  obtained.  Anal.  Calcd  for 
?3N3F4(C6H5)C6H40CH3:  C,  39.49;  H,  3.03;  mol  wt  395.  Found:  C,  37.53; 

H,  2.95;  mol  wt  395  (mass  spectrum). 

Using  procedures  ldenticle  to  those  described  above,  mixed  phenyl, 
parasubstituted  aryl  tetraf luorophosphazenes with  the  formulae  2,2-P3N3F4(CgHj)- 
CgH4X  (X  -  CH3,  F,  Cl)  were  prepared.  These  compounds  were  identified  by 
ir  and  nmr  spectroscopy,  and  mass  spectrometry. 

Results  and  Discussion 

vwvwai  m  'wwvwwu 

This  investigation,  when  combined  with  previous  investigations,  demonstrates 
the  broad  scope  of  the  organolithlum  reaction  for  the  preparation  of  monoaryl- 

P3N3F6  +  Li  <0>-X  —>  ?3N3F5  <0)-X  +  LiF 

X  -  H3,  CH3,  Cl18,  F18*4,  OCH^8,  N(CH3)21 
pentaf luorocydotrlphosphazenes.  Furthermore,  all  of  these  species  may 
effectively  converted  to  the  mixed  phenyl/aryl  tetrafluorocydotrlphosphazenes 
via  the  Frledel-Crafts  reaction. 

Ws  +  C«B«  (fy/ 1>mjWc«b5>  +  (CjH5)3hhV 

X  -  H19,  CH318,  Cl18,  F18,  OCH*8,  N(CH3)21 
Thus,  the  organolithlum  reaction  represents  a  good  route  to  the  synthesis  of 


arylphosphazenes  with  electron  donating  substituents  on  the  aryl  ring. 

Since  aryl  lithium  reagents  with  electron  withdrawing  substituents  are 
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only  stable  at  significantly  reduced  temperatures  ,  aryl  phosphazenes  with 

electron  withdrawing  substituents  are  expected  to  be  difficult  to  prepare. 

Tb®  infrared  spectra  of  the  aryl  fluorocyclotriphosphazenes  are  reported 

in  Table  I.  The  vNPN  ring  vibration  of  the  monosubstltuted  phosphazenes 

occurs  between  1260—1263  cm  ^ .  The  replacement  of  a  fluorine  atom  by  a  phenyl 

group  leads  to  decrease  of  8-10  cm-1  in  vNPN.  It  is  of  interest  to  observe 

that  a  variation  of  para  substituents  on  the  aryl  ring  produces  small  variations 

in  the  phosphazene  ring  vibrational  frequency.  A  further  discussion  of  the 

origin  of  this  effect  is  not  warrented  due  to  broad  band  width  (even  after 

successive  dilution)  and  the  complex  nature  of  the  transmission  of  aryl. 

electronic  effects  to  the  phosphazene  .  The  magnitude  of  the  decrease  in 

vPNP  on  going  to  the  disubstituted  derivative  is  consistent  with  ge«<n*l  rather 
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than  non-geminal  substitution  .  The  geminal  nature  of  the  disubstituted 
derivative  may  also  be  demonstrated  by  the  absence  of  a  strong  band  vhich 
occurs  in  the  region  of  760  cm  in  non-geminal  phenylfluorocyclotrlphosphazenes. 

The  nmr  data  for  the  aryl  protons  of  the  monoaryl  pentafluorocyclotri- 
phosphazenes  is  reported  in  Table  II.  The  spectra  are  of  the  AA'BB'X  type 
(with  the  exception  of  the  para  fluoro  derivative  which  is  AA’BB'MX).  Although 
it  was  tempting  to  treat  the  ortho  protons  as  a  first  order  case,  it  was  found 
that  simulation  of  the  spectra  using  the  LACOON  III  program  was  necessary  in 
order  to  obtain  a  consistent  set  of  parameters.  A  combination  of  unresolved 
resonances  and  quadrupole  broading  due  to  nitrogen  gave  relatively  broad  lines 
so  that  values  for  the  long  range  hydrogen-hydrogen  coupling  constants  (J_  „  i 
JHfwB„l)  could  not  be  obtained. 


The  chemical  shifts  of  the  protons  ortho  to  the  phosphazene  ring  are 
essentially  constant  for  the  para  substituent  being  CH^,  Cl  or  OCH^.  Since 
the  geometry  of  the  system  stays  constant  through  the  series,  the  ortho  shifts 
are  controlled  by  a  combination  of  the  anisotropic  and  electronic  effects  of 
the  phosphazene  ring.  The  ortho  shift  for  the  para  fluoro  derivative  is 
significantly  removed  from  the  others  in  the  series  suggesting  a  stronger 
involvement  of  the  para  substituent  in  perturbation  of  the  aryl  ring  electronic 
structure  in  this  case.  In  para  disubstltuted  benzene  derivatives,  one 
generally  observes  that  the  combination  of  a  strong  electron  donor  and  strong 
electron  acceptor  produces  a  large  difference  in  the  ortho  and  meta  chemical 
shifts  (Aom)  while  is  cases  where  the  descrimination  between  the  groups  is 
less  dramatic,  the  value  of  Aom  is  smaller.  In  the  molecules  under  considera¬ 
tion  in  this  investigation,  the  strongly  electron  withdrawing  effect  of  the 
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pentafluorocydotrlphosphazene  moiety  ’  *  combined  with  good  it  donors 

(e.g.  F,  OCH^)  results  in  significantly  larger  values  of  Aom  than  when  the 

phosphazene  is  combined  with  weak  electron  donors  (e.g.  CH^,  Cl).  The  phosphorus- 

ortho  hydrogen  coupling  constant  (JpgQ)  Is  of  the  same  order  of  magnitude  as 
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previously  reported  for  aryl  phosphorus  (v)  compounds.  *  The  better  it 

donors  (F,  OCH^)  exhibit  lower  coupling  constants  while  the  poorer  electron 

donors  (Cl,  CHj)  exhibit  higher  values  of  JpHo*  The  more  electron  density 

in  the  aryl  ring,  the  lower  the  effective  charge  on  the  ortho  hydrogen  atom 

and  hence  one  observes  a  reduction  in  the  value  of  In  keeping  with 
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previous  observations  ,  the  small  variation  is  the  hydrogen-hydrogen  coupling 


constant,  JHoftn,  is 


related  the  substituent  group  electronegativity  values. 


The  mass  spectra  for  the  monoaryl  pentafluorocyclotrlphosphazenes  are 


reported  on  Table  III.  The  basic  fragmentation  process  observed  is  the  same 
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as  previously  established  for  the  monophenyl  derivative.  This  consistency 


throughout  a  series  of  compounds  is  Important  in  the  application  of  mass 


spectrometry  to  the  identification  of  new  compounds.  Features  which  are 

unique  to  individual  molecules  can  usually  be  related  to  the  known  fragmentation 

tendencies  of  the  organic  moiety  e.g.  loss  of  the  methyl  group  in  the  para 

methoxy  derivative  and  tropyllium  ion  formation  in  the  para  tolyl  derivative. 

The  mass  spectra  of  the  mixed  aryl/phenyl  tetrafluorocydotrlphosphazenes 

(Table  IV)  are  also  understandable  in  terms  of  the  basic  process  established 
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for  phenyl  fluorocyclotrlphosphazenes  with  perturbations  reflecting  para 

substituent  fragmentation.  Organic  group  substituent  decomposition  makes 

significant  contributions  to  the  mass  spectra  of  the  diorgano  derivatives, 

partlcularlly  in  the  para  methoxyl  and  tolyl  derivatives.  The  basic  phosphazene 

fragmentation  route  observed  is  the  successive  cleavage  of  the  aryl  groups 
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which  is  characteristic  of  geminally  substituted  derivatives.  Thus,  the 

mass  spectrometry  data  confirm  the  infrared  results  in  the  assignment  of  the 

gemlnal  configuration  to  the  disubstituted  derivatives  (the  expected  product 
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in  a  Friedel-Crafts  reaction  ) .  It  is  of  particular  interest  to  compare  the 

Intensity  of  the  ion  resulting  from  the  loss  of  the  phenyl  group  (P^N^F^CgH^x"*") 

compared  to  the  ion  resulting  from  the  loss  of  the  para  substituted  aryl 

group  .  Previously,  we  have  shown  that  a  phenyl  group  is  lost 

in  preference  to  a  para  dlmethylamlnophenyl  group  in  gemlnal  phenyl /para- 

dime  thylaminophenyl  fluorocydotrlphazenes  and  this  observation  was  attributed 

to  higher  bond  strength  in  the  phosphorus-paradlmethylaminophenyl  unit  than 
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in  the  phosphorus-phenyl  bond.  The  tendency  to  lose  a  phenyl  group  in 
preference  to  the  aryl  group  with  an  electron  donating  substltutent  is 
observed  in  most  of  the  mixed  aryl/phenyl  derivatives  in  this  investigation. 

The  apparent  reversal  of  this  trend  in  the  para  chloro  derivative  relates 
to  the  fact  that  there  are  two  possible  precursors  to  the  P^F^C^H^*  Ion  i.e. 
P3N3F^(C6H5)CgH^Cl+  and  P3N3(CgH5)C6H^+.  The  mass  spectrum  of  P^F^CgH^- 
CgH^CH3  is  rather  complex  with  no  P^^CgH^  ion  and  a  very  intense  ion 


associated  with  tropy Ilium  derivative.  In  order  to  Insure  that  the  observed 
Intensity  differences  are  related  to  thermodynamic  parameters ,  the  spectra 
of  the  two  derivatives  with  strong  electron  donors  (fluoro  and  methoxy)  were 
run  at  successively  lower  Ionization  energies  until  the  region  approaching 
the  appearance  potential  was  reached  (approximately  15  to  18eV) .  In  the 
para  methoxyl  derivative  the  intensity  difference  between  the  P^N^F^CgHgO* 
and  the  P^N^F^CgH^  ions  Increases  at  lower  ionization  energies.  While  In 
the  case  of  the  para  fluoro  derivative,  the  ratio  of  the  P.jN2F^CgH^F+  to  the 
P^N^FjCgH^  ion  Intensities  approaches  unity  at  lower  ionization  energies. 

Thus  in  the  paramethoxy  case,  phosphorus-carbon  bond  enthalpy  is  greater  In 
the  bond  to  the  para  substituted  aryl  group.  In  the  para  fluoro  derivative, 
there  is  no  preferential  phosphorus-carbon  stabilization  in  the  appearance 
potential  region  consequently  the  intensity  difference  at  higher  ionization 
energies  is  related  to  kinetic  effects.  Two  of  most  probable  kinetic  effects 
which  are  reasonable  for  this  system  are  stabilization  of  the  developing 
positive  ion  by  the  electron  donating  para-fluorophenyl  moiety  and  the  superior 
leaving  group  ability  of  the  phenyl  group. 
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TABLE  III.  Mass  Spectrometry  Data  for  Anri  pentafluoro- 
cyclotriphosphazenes ,  (0^-X  a 


Assignment 

Relative  l 

ch3o 

F 

U)  undance - 

cib 

ch3 

P3N3F5C6H4X  + 

100Z 

100Z 

100% 

100Z 

[P3N3F5C6H4X-H]+ 

1.8 

3.0 

2.3 

28.5 

p3n3f5c6h4o  + 

12.6 

P3»3F5C6H4  + 

2.6 

4.4 

4.1 

1.1 

P3N3F5C5H4  + 

19.7 

0.5 

m/e  -  248 

1.1 

1.1 

24.3 

P3»3F5c+ 

5.2 

2.8 

6.8 

3.5 

P3N3F5B+ 

2.3 

2.6 

3.6 

2.0 

P3N3F5  + 

10.5 

8.2 

11.6 

9.6 

P3B2F5  + 

34.1 

14.2 

50.0 

13.2 

P3N3F4H+ 

•1.3 

1.6 

3.9 

2.0 

P3S3F4+ 

0.9 

0.8 

3.3 

1.1 

F3N2F4+ 

4.9 

6.8 

4.5 

9.8 

P2NF5H+ 

4.3 

P2NF5+ 

6.8 

6.3 

8.2 

8.6 

P383F5W2+ 

2.7 

3.3 

2.7 

4.1 

P3S3F3C8H62+ 

6.7 

P2NP4+ 

3.9 

3.8 

4.5 

5.3 

P2NF3+ 

1.1 

1.2 

1.8 

1.7 

P2NF2+ 

3.9 

3.0 

5.0 

0.6 

™2F2+ 

1.7 

4.9 

2.3 

2.1 

w* 

4.6 

2.8 

3.6 

5.0 

C6H4X+ 

3.9 

4.9 

3.0 

18.0 

15 

a.  Obtained  at  80ev  b.  based  on  Cl. 


TABLE  IV.  Selected  Mass  Spectrometry  Data  for  Aryl  phenyl 

tetrafluorocydotriphosphasenes ,  CgH^Xa 


Assignment 

F 

Relative  Abundance 

ch3o  cib  ch3c 

[P3N3F4(C6H5)C6H4X  +  H]+ 

93 

26 

P3WWW+ 

100 

34 

97 

4 

Cp3n3f4(c6h5)c6h4x  -  H]+ 

17.2 

100 

7 

P3WWW+ 

100 

P3“3F4(C6B5)C6H40+ 

100 

W4<WC6H4+ 

24.7 

P3N3F4C6H4X+ 

31 

39 

52 

P3N3F4C7H7 

100 

P3N3F4C6H50+ 

56 

P3N3F4C6H5+ 

10.5 

18 

48 

0 

pj»3P4+ 

13.7 

8.9 

24.7 

11 

P3N2F4+ 

8.7 

4.3 

32.5 

15.2 

a.  Obtained  at  80ev;  only  Ions  relevant  to  the  discussion 
reported,  b.  based  on  J3C1 
c.  complex  spectrum,  possibly  due  to  impurity  peaks. 
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